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3 ABSTRACT

In order to study the relationships among microseisms, typhoons and
the resulting waves, a series of three wave recorders were installed around
Guem, M.I.,to operate in conjunction with the microseismic station of the Naval
Research Laboratory. The installation was made during the summer of 1952 and
the equipment operated urtil Typhoon Hester on 31 December 1952. Fresented
in this report are the details of the equipment, the sea installation, the
telemetearing circuits and the recording stations. Also presented in an Appen-
dix are the snalyses of the wave records for the period of operation.

INTRODUCTICN

In the study of the relationship between micrcseisms and hurricanes or
typhoons, it became apparent that there was & question as to whether the micro-
seisms were generated in the storm area and then propagated through the ocean
bottom to the seismograph, or whether the generation of microseisms ocourred
relatively near the seismograph after energy had been propagated by surfaoe
weber waves from the storm area(l *.

It was decided by the U.S5. Navy that a fleld study of this problem
should be made on Guam, M.I., bscausas (1) the island was sflsctively & column
in the middle of an extremely large expanse of the ocean; (2) it was in an
area subjeot to many typhoons; (3) there was aiready & tripartits seismic
. station in operation; and (4) there was an actiwe typhoon-tracking squadron

in the area. It would, however, be necessary to install wave recorders at
various points around the island,

A study of the charts of Guam indicated that it should be possible to
provide complete coverase of the island (in regard to mioroseism studies) with
a minimum of three wave measuring instruments, if they could be properly placed.
An agreement was reached between the Office of Naval Research and the University
oi California whereby two engineers** made a survey of Guam during May 195l.
As & reesu.; of this survey, it was decided that such a program would be feasible;
and thres leosetionc were desidad uprone Orote Point., Ylig Bay and Tarague Wells.
These locetions were chosen on a basis of ooverage, feasibility of installing
the pressure heuds and submarine ocable, the availability of power supply and
telsmetering circnits, and instrument housing facilities,

As a result of this initial survey, & contract was negotiated whereby
8 the University of California was tos (1) oonstruct, test and fabricate the
A necossary Merk XX pressure heads, together with the telemstering units;

o £ Superssript nurbers in brackets refer to References at end ol report.

5 ** P, L. Wiegel and F. E. Snodgrass




2.

(2) provide engineers**‘ to supervise the installation and maintenance of the :
pressure heads, telemetering equipment and recording units; and (3) instruct

Naval personnel of the Microseism Research Laboratory in the meintenance

and operation of the shore equipment of the wave recorders,

GENERAL CONSIDERATIONS

Selectiin of Sitesi

The primary requirement in selecting the sites; for the recorders
was that at least one instrument would be exposed direotly to the waves,
regardless of the wave direction, in deep water, Examinstion of Figure 1
indicates that this requirement was not fulfilled completely, since weves
from the south cannot reach either the Ylig Bay or the Orote point recorder
without some refraction and/or diffraction around the island. Unfortunate-
1y the lack of power and telephone lines on the southern end of the islani
made it impractical to install a fourth recorder to cover the small seo=-
+ion not sovered by the other recorders.

A need for close synchronizetion between the three wave recorders
and several seismic recorders revquired that all recording be done at &
central laboratory. The shore sites, therefore, had to be close to tele-
phone and power lines so thet telemetering of the wave data to the cential
laboratory could be sccomplished. Battery or gamsoline generator operated
radio telemetering links were considered impractical.

The general lccations of the instruments, therefore, were selec-
ted on the basis of exposure to the sea and availability of power and
telephone iines. 1he locations of the uaderwater units, tThe routing of
cables and wne locations of shore instruments were s2lected after detailed
surveys of the reefs and beaches, the jungle adjacent to the beaches and
the existing roads.

Design of Tripods:

The information available at the tiuwe of the installation indicated
that the sea bottom would be very rough, due to large coral heads, holes,
and orevices. Actually very little detailed informetion was savailable
for any of the three siles. A +ripod, therefore,had tc be bullb high
annugh that the nressurs head (inatalled near the top ef the tripod) would
be in water relatively undisturbed by the vottom conditions; end the di-
monsions of the base had to be such that tne tripod would be stable.

The tripods were 20 feet high and had bases of fourteen feet (cee Figure 28)

Routing of the Cablesg

Two possibilities existed for routing the armored cables from the
watsr's edgs to the tripcds. They could be layed in the bay out through
the bay entrance and thence parallel to the reef edge, but seaward of it,
to the tripods. Or else they could be layed on the reef, in orevices when-
ever possible, end anchored to the reel, as far as the reef's edge, thence
in surge channels off the reef into desper water, weighting the cahles most
sxpossd by sscuring heavy cheins alcng their length.

Y T3
F. E. Snodgrass and M.A. Hall.
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] Design of the Recording Systems

In order to be able *o corrclate wave conditions with the microseismic
records, it was desirable to record the waves at the same losation at whieh
the tripartite seismic recorders were located. This necessitated the develop~
ment of a telephone telemeteringy system. However, past experience during
typhoons which passed over Guam showed that in case of such an event,telephone
lines might blow dowm. This necessitated the installaticn of 3tandby recor-
ders, located in typhocn~proof shelters, at the sites where the cable: came
ashore from the pressure heads. Moreover, as power lines would be down if the
telephone lines were blown down, it was necessary to utilizs battery powered
standby units.

INSTALLATION OF THE PRESSURE HEADS

Mooring the Diving Tugs

Since several working days were required at each site, the need for a
securely moored working platform was considered to be of primary importance.
A YTB tug {Figure 25) was selected as the working platform because of its large,
low . after deck, comparatively smell size, and its good manauverability. Other
vossels such as ARS Salvage Ships, Net Tenders, and ATF Fleet Tugs were ocon-
sidered too large to mansuver close to ths reef. As the YTB was not con-
sidered a sea-going vassel, it was escorted at all times by a larger ship,
usually of tho ATF cless. The escort ship also carried the explosives, the
tripod and the sea moorings, installing the latter.

At all three sites the YIB tug, used as a working platform was held in
pos1tion with a three point mooring system. At Orote Point, three .uoorings
(each cousisting of a 100 pourd anchor, 150 feet of 5/4 inch chain, and a 500~
gallon buoy),were installed. Lines attached to the moorings, twe of which were
secured near the stern of the tug and one 2% the bow, held the tug in the cor-
rect position over the tripod site., At T.rague Beach and Ylig Bay only one
fnea mooring was installed (3000-pound anchor, 500 feet of l“-lncn chain, ard
a 600-gallon buoy) while the other two mooring lines were connected directly
to the reef (Figure 31).

! The sea moorings were laid by the escort vessel. Figure 24 illustrates

i schematiocally the desired position of the mooring relative to the tripod and

i the reef, and the method of positioning the ship so that the mooring would be '
l dropped at the desired position. Figure 25 shows the mooring in the water i
i with the tripod suspended from a second buoy. Figures 26 and 27 are photo-

graphs taken aboard the Coast Guard Cutter thet laid the Ylig Bay mooring.

The mooring chain was lashed to thea deck with small manila lines. The two

buoys and the tripca with the chains attached were hung over the side and

lashed to the gunwale with small manila lines. The anchor also wa= hung over

the side and secured with a pelican hook. When the ship c¢rossed the desired

position the pslicen hook was tripped releasing the anchor. The marila lines

, leshing the chain to the deck broke as the chain ran over the side and when all

L ! ths chaln was gone the buoys and tripod lashings were broken by the welght of

(i the chain. The moorings were thus dropped in place with the ship underwsy. f

'j The mooring lines attached to the reef were pulled into position by
g the tug., A messenger line was shet ashore from the tug with a line-throwing
'é gun and a four inch menila line then was pulled to the reef by hand with ths
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messenger line. The four inch manila lines were then used to pull the 7/8 inch
diemeter steel mooring lines off the reef (Figures 32 and 33). When epproxi-
mately 200 feet of mooring iine was taksn abeard the tug, the mooring line was
secured to & snubbing line on tha reef so that the tug could tuke tension on
the reef iines to pull itself into position.

Upon completion cf the installation, the mooring lines were pulled
back on the resf with tractors, but the sea moorings were left in place for
future servicing of the pressure heads.

Installatiou of llie Tripeds:

Ao Orote Pointy The shoal area seaward of the end of the Apra

Harbor breekwater was smooth hard coral with no sand. The bottom had a gradual
slope towerd the ses and toward the harbor entrance until the depth of water
was about 10 fathoms, % this point the bottom slope increased abruptly, and
aeppeared to the drivers to form an underwater cliff. Coral growths on the
bottom were generally not more thanu ome foot high and & site for the tripod
was located without difficulty. A jagged hole about 1€ inches desp was found
at one point that served as a mounting hole for one leg of the tripod. Iwo
other holes, about two feet square, were dug with air-driven chipping hammers

to the same depth for the other tripod legs.

The locatinn of the holes with respect to each other was determined
by an angle iron templste constructed to the dimensions of the tripod base.
Standard chipping hammers were used,without difficulty, to dig the holes. The
air pressure to ths hemmers had to be increased to compensate for the back
pressure of the water, and the corrnct chipping tool hed tc s used. Narrow
chisel tools were easily driven intc the bottom; bhut they stuck and could
be removed only with difficulty. Wide spade tools failed %o cut the bottom.

Divers in full dsep-~sea dress (see Figure 39} had difficulty in
bending over the hammer to observe their work and in applying pressure to
the hammer. The divers' hands were &lsu cut and bruised on the lead belt
about their waists, Some divsrs found thsy could work best by holding the
hammer with one hend at their side. By standing erect and leaning on the
hammer with arm held stiff, they could look out the side port of the helmet tq
observe their work. Also, divers were worked in pairs to overcome the in-
convenience of handling the hammer. In this case tne hammer was held bsbtwssn
the divers who stood in a semi~crouch position. Divers working in shallow
water diving masks (Figure 36) proved to be more efficient luan divers work-
ing in desp-sea dress because they could herdle the hammer without difficulty.
Divers in full deep-sea dress requirsd approximately 10 hours of bottom time
to dig holes two feet square and one and one-half feet deep. With shallow

water diving masks, the divers dug the same size hole in about three hourse.

The tripod was floated by means of several small buoys and was towed
from the harber to the sits,. After the buoys had been cut free, divers in
" shallow water masks guided the legs of the tripod into the holes as it was
lowered. The diving tug lowsred the tripod into position by a single line
attached to the tor of the tripod.

. Several methods of cementing the tripod lggs into the holes were
considered, The technique to be desreribed was selected in preference tc
cemsnting with cement guns, underwater )ement buckets, or cement trammels,

P | FrEe S g Yo 4 2
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primarily for the 81mpliclty of the system. Also the nesd for obteaining the
full strength of <tlie concrete was not considered important. Portland cement was
mixed with sard, coral gravel and fresh water, in standard ratios to give a
moderately stiff mixture (Figure 44). The oconcrete then was poured inio cne
oubic foot burlap sand-sacke and lowered to & diver (Figure 43, 45, 46) who
placed them in the hole around the legs of the tripod andinmped them into po-
sition. After the holes had been filled, sharply pointed 18 inch lengths of re-
inforcing rods were lowered to the diver. He drove these rods into the sacks
with an eight-pound sledge hammer in order to bind the sacks together. Seepage
of cement through the coarse gunny-sacks also provideld a bond between sacks.

B, Tarague Beach: The bcttom of the Tarague Reef was all coral ex-
cept for small sand pockets. Coral growths were usuzlly about oze foot high,
with occasional growths two to four feet high. The bottom was relatively flat
excapt for ditches that were two to six feet in depth and five to twenty feetl
wide. The ditches were extensions of the surge channels that scarred the reef
face and were fifty to sevsnty-five feet apart in the area selected for the
tripod. A level area was found,approximately midway between two ditches, on
which to loocate the tripod.

Instead of digging holes for the tripod legs with chipping hammers as
was done &t Orote Point site, the holes were blasted in the bottom with ex-
plosives. To mount the explosives on the bottom, a triangular angle iron tem-
plate was built that held three ten-pound shape-cherges at each gorner. The
nine charges were connected to primer cords which in turn joined to a single
primer about ten feet below the surface. & float ut the surface supported the
end of the primer cn»d where it connscted to an electrical detonator cap. Ap-
proximately 150 feet of electrical cable was attached to the cap in order to
allow the ship to move outc of range of the explcsion.

The shapa~charges used in thesa oparatinns ware standard military ex=
plosives designed to focus the explosive forses over a small area. bocu51ng
of the explosiorn is accomplished by means of the geometrical shape of the
charge. Maximum focusing occurs a specific distance below the base of the
charge, requiring that the explosive be mounted on & small stand-off tripod.

Shape-charges can be used underwater, but (i) the cherge must be sup~
ported above the bottom a distence equal to the focus distance, and (ii) an
air pocket is required in the space between the harge and the bottom. The
charges, therefcre, were fitted with sheet~metal stand-off tubes as shown in
Fizure 35. Divers filled the cavity below the charge with air after the
cherges were strapped in place in the template., Open stand-oflf tubes were
used since completely sasaled cavities would be reguired %o withstand the
total static pressure of the water.

Crater shaped holes, approximately two feet deep and four feet in dia-
moter were made in the bottom of the Tarague Beach site using three ten=~pound
charges per hols. Failure of these charges to dig holes of smaller dia-
meter and greater depth was blamed primarily on the air cavity beneath the
charge. The tape seals between the charge aad the stand~off tubes were not
air tight and part of the air cavity was lost before the charges were de-
tonated. The defective seals were nct discovered until the charges were ready
to be exploded, the filling of the air cavity being the last operation in
preparing the cherges. Divers noticed air bubbles escaping from the charges
but decided against removing them to repair the seals,

U
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Three small shaped-charges were used in the first trial to dig each
hole, because it was reasoned that single charges would blast noles too small
in diameter. This ides was abandoned after the Tarague Beach installation,
even though the principle was not fairly tested because of the defective seals.

The tripod legs were cemented in the holes at Tarague Boach using the
same procedure as described in the Orote Point installation.

C. Ylig Bay: The original plans for Ylig Bay called for the installation

site to be located directly off ths end of the Ylig Lava Spit (Figure 17) Soundings
were made in the area which indicated that the bottom was very irregular and
generally too deep. Reasonable soundings were obtained seaward of a large rock

on the reef (laiter used as an anchor for the shore end of the instrument cable,
Figure 20) to the south of the lava spit. Inspection of *he bottom by divers

at the time of the installation, however, indicated that it was very irregular

and not suitable for {ihe tripod. A levsl area was finally located south of the

rock cn the reef, where the tripod was installed. This change of location of

the tripcd acoounts for the angle of the cable to the reef (Figure 17). The

bottom shoreward of the tripod was irregular, but not cut by ditches as was tue
Tarague Beach reef. Instead this bottom was pocked by large holes with ircegu- !
iarities between. Some of the holes shoreward and north of the tripod were de- }
scribed by the divers as being twenty to fifty feet in diameter and thirty feet '
in deptho

At Ylig Bay holes for the tripod legs were blasted in the bottom with
40-pound shaped-charges (Figure 35) as described in the Tarague Bsach tripod
installation. Holes approximatcly two feet in diameter were dug to a depth of
at least three fset. The holes were not cleared beyond this depth, even though
it would have been possible. The tripod was cemsaobtsd tc the beittom, asz deseribed
in the Orote Point tripod installation, with the exaecption that iron spikes were
not driven into the sacks to bind them together. These spikes were not oonsidsr~
ed necessary because of the greater depth and small diameter of the holes blasted
in the hottom.

Installation of Cablesg

A. Orote Points A suitable site for the pressure head could not be
found on the Orote Point side of the harbor because of excessive bottom slope
seaward of the point. A site, therefore, was selected for the instrument on
the shoal area seaward of the breakwater where bottom conditions were acceptable
and the instrument was well exposed t¢ the sea. Another advantage of the site !
chosen was that ths instrument could be installed approximately 800 feet from
the breakwater. On the Orote Point side of the harbor entrance the instrument
could have been installed only 100 feet from the c¢liffs. The expense of in-
stalling the 3000-foot cable scross the harbor entrance, therefore, was Jjusti- g
fied by the better exposure of the ins*rument to the sea and the reduced ex-
posure of the instrument to reflected waves.

The cable was routed around the harbor side of Orote Island (Figures 2
and 4) to take advantage of the reduced wave activity inside the harbor entranoce.
Along the oable path to the east of Orote Island, the reef was flat with en ele-
vation of -1 to -3 feet MLLW shoreward of the reef face. The reef face ex-
tended eastward from the northeast tip of the island with a modarate slope %o &
depth of 10 t35 15 feet « 8Bmocth erevices, four to Six feet in depth and four to
ten feet in width scarred the reef face at approximately 2p-foot intervals and
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veof fase sloped gently to & depth of 35 feet to the edge of an underwater

cliff. At the other side of the harbor chennel, the bottom sl&pad more

uniformly to the instrument. No suddsn changes in bottom slope were seen

inside the ton fathom depth. §

§ i
extended todepths of about tem to fifteen feet, ' The Lottom seaward of the l

i

'

A csble was 1laid from a YTB tug with the cable spool mounted or thé

after deck in a standard cable spool trailer (Figure 7). A brake was added

to the spool holder to maintain tension on the cable and to prevent the cable

from urspooling under the weight of the cable between the ship and the bottom.

The tug first was maneuvered about 400 feet from the reef face where & mes=

senger line was shot to the reef with a line-throwing gun. The messenger line

then was tied to a manila line, 3/4 inch in diameter, which in twrn was tied to
| the armored electrical +able. Fifteen natives were hired to pull the messenger
! lines and the electrical cable from the tug tc the reef. To reduce the cable drag,
! small buoys were tied tc the electrical cable as it was pulied from the spool.

] When enough cable hed been pulled ashore to reach across the reef, the

cable was secured to a large rock and the tug proceeded across <the harbor

channel laying the cable over the stern. When the tug reached the site of

the tripvd installation, mocring lines were run to the mocring buoys by a

small craft and the tug was secured in position. The armor was then stripped

off the end of the ocable to provide a 7S-foot "pig-tail™ of light flexible

cable., Vhile the instrument was being attached to the pig-tail, divers bolted

the end of the armored section of the cable to the tripcd in the olips provided

along one leg. Aboard the tug the instrument was bolted to a two foot tripod

; (Pigure 47), with the flexible cable olamped in clips along one of its legs.

: - The instrument and small tripod then were lowered to the divers who bolted the
smell tripod irto place on the large tripod which had been previously installed.
The 75 feet of flexible cable was coilod on horns weided at the top of the

= tripod ladder,

While the tug crew installed the instrument, & boach crew conneoted the
shore end of the ssa cable to a cable previously installed between the reef and
the instrument hut located at the top of tne c¢cliff, shown in Figure 3. The
typhoon=proof instrument hut was identical to the one used at the Ylig site
(see Figure 19).

The Orcte Point ceble was inspected several deys after its installation.
This was dons by swimming cff ths Qrote Pcint reef at slack water and viewing
| the oable through face masks. The cable installation was satisfactory except
| for the section that crossed the reaf face. Hore the ¢able crossed several
crevices at a slight angle and hung unsupported between their edges. As the
waves passed, the oable swung back and forth, and it was immediately evident
that excessive cable wear would take place at the edges of the wrevices.,

To corrsct this condiiion, divers chained the cable to a coral head on

] the bottom beyond the orsvices. This presvented the cabls from sliding down the
underwater cliff when the shore end of the cable was released. The shore
splioe then wac disccrnected &nd the cable moved along the reef until its

. route paralleled the crevices. Swimmers then moved the cable into one of

the crevices and pulled it taut. To hold the sable in place, two more chain

o= ) At ol oo 24 - o o -~ -~
anchors wers attached to it, ons on top of ths rssf and ancther at the shel-

i
‘ low weter end of the crevice. The shore end of the cable again was secured
i

P and connected to the recorder.
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Three splioes were made in the cable between Orote Isiand and Orote Point, 3
Figure 2. Two of these splioes were neocessary to remove defeotive seotions of
the cable bestween the reef and the instrument while the third splice conneoted
the cliff cabie to the sea cable.

B. Tarague Beach and Ylig Bay: The oables were installed at Tarague
Beach and Ylig Bay using a teohnique different than that used at Orote Point.
At these sites the installation procedurs was complicated by the need of sesurely
anchoring the instrument cables to the reef face to prevent wear or breakage of
the oable by heavy seas. The waves acting or these reefs peaked up at a distance
of less then one-hundred feet from the reef and broke dirsctiy on ths reef faoe.
The looations of the instruments and the general set-up for the installation at
Tarague Beach are: shown in Figures 8-16 , and for Ylig Bay in Figures 17-23.

By installing the ocables in the orevices whioh extended aoross the reef
face, the cables were not required to withstand the direct force of the bireaking
waves. However, they were required to withstand large forces due to the tur- i
bulence caused by waves and due to the surge currents prssent in the oravioes. {
The weight and strength of the armored elactrisal cable was not oonsidered suf=- I
ficient to withstand these foroos. Both wmight and strergth were added by lash-
ing the electrioal cable to I—-inoh ohain (18 pounds per foot) as shown in Pig- i
ures 16 and 21, The armored oab’e first was attached to the chain with rings
nade of 3/8-inch diameter iron rod and then tightly lashed with seizing wire. ,
The iron rings were usad to bind the ohain and cabls together; the seizing wire
prevented the electrical oabls from being snagged on the bottom during instal- '
lation. Three hundred and sixty feet of ohain was used to reinforoce the cable
along the seotion that extended 100 feet shoreward, and 260 feet seaward of the |
reef faoe.

On the day the cable was installed, bur,s were brought to the reef and
attached to the chain and oabls, Fifty-fivs-gallon huoys were attached ab
seventy-five-foot intervals to support the eleotriocal oable, =2nd three hundred-
gallon buoys were attached at seventy-five-foot intervals to support the ohain

| &3 ‘showmn sohematically in Figure 38. The small buoys were tied to the eleotri-
oal ocable with manila rope that was cut to free the buoys after the cable was
pulled into position. The lerge buocys were attached to the chain by steel
cable straps which first were passed through the bottom eys of the buoy, and
then attached to the top eye with a pelican hook. #hen the ohain was pulled
into position ti.e pelioan hook was tripped, allowing the strap to run through
the bottom eye to free the ochain from the buoy,

The onain was pulled off ths resf by the diving tug as follows (Pig-
ures 41 and 42). A messenger line was shot to the reef and was usel to pull
a 1/z-inch diameter manila line off the tug to the reef. This line was tied
to the end of the electrical cable and was used to pull the buoyed oable off
the reef. A second line then was shot to the reef and was used to vull a
four-inoch (ciroumference) manila line to the reef. The four-inch line was
: used to pull & 3/4-inoh stcel cable off the reef to the tug. The steel cable,
. attached to tho end of the ochain, was used to pull the chain off the reef with
: the tug's oapstan. While the chain was being pulled off the rscf the elec- {
w4 trical cable was kept taut at all times. This prevented the sections of

ocable between the bucoys from touching vottom and beooming snegged. When all

§ ’ the oable and chain was pulled off the reef, the buoys were out free, and
)
]

the eabls dropped to the bottom. Then the armor was stripped from the end
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of the oable to provide a 75~foot "pig-tail" of light flexible cabls. This
was then handled in the same manner ns was the Orote Point installation. As
van be seen in Figures 8 and 9, armored telephone cable and standard telerhone
sable was run from the beach (Pigures 8 and 14) to the Tarague Pump Station.
As tris installation was typhoon proof no special shelter had to be provided.
The recording equipment was placed in the Pump Station (Figuresz 10-13).

In Figures 17 and 18 are shown the general luyout at the Ylig Bay site.
A cable splice was made on the reef (Figure 22) and armored telephone ocatle
was run from the beach +o the highway where the recording equipment was in-
stalle(;.*in a typhoon proof instrument hut transported to this loceticn (Fig-
ure 19)".

MARE IX FRESSURE IZBAD

The pressure heads initially installed at the ihrss locations at Guam
were the Mark IX, Model 4 (Figures 49 and 50). This pressurs head is made up
of a differsatial pressure transducer, a preasure avaraging system, and a pro-
teotive housing. The heart of the gage, the Bournes differantiel pressure
transducer. consists of & pressure sensitive bel oss linked to the moving wiper
arm of an accurately wound 750-ohm potentiometer 5). the wiper at zero dif-
ferentiel pressure rests at the middie of the resistance winding. When a
differential pressure is applied to the bellows, the wiper departs from this
position a distance proportional to the applied pressure difference. This
change in wiper position is converted to & proportional current in an elec-
tronically stabilized bridge cirouit and is recorded on a recording milliammetor.
To insure long life of the potentiometer, the resistance winding is submerged
in oil.

A pressure averaging system supplies a pressure to balance the pressure
of the water at the depth of installation, and also to balance the changes
in depth causvd by tides. This system results in a wave presswe record whioch
is not oconfused by tidul pressure variations. The averaging cirocuit consists
of the air filled transducer dome of the pressure head, whioch acts as a oca-
pacitor, and a capillary tubte which aots as a resistance between the dome and
an 0oil filled rubber bellows exposed tc the water pressure. The resistance
capacitence combination filters out the rapidly fluctuating wave pressure from
the relatively statioc pressure of depth and tide. This filtered pressure is
aprlied to one side of the transducer bellows, while a pressure equal to the
actual water pressure is applied to the other side. The transducer measures the
differnnce, which is the wave pressure. The metal chamber, open at the bottom,
which surrounds the rubber bellows, supports the bellows when it is initially
pressurized so that it does not burst.

Since the allowable change in volums of the rubber bellows is small
compared to the total volume of the gage, 1t is necessary to pressurize the
gage before installation to prevent total collapse of the rubber bellows when
water pressure is applied. Pressurizing to 60 percent of the absolute pressure
at the expscted depth of installation is done with ar erdinary tire pump through
the valve cponing in the transducer chamber.

The connection box over the transducer dome provides a simple method of
connecting the instrument to the underwater cable. %“Fusite" fused glass to
metal seals feed the electriocal circuit from the transducer chamber tc the.
ocounheoction chamber. The Seals are necessary uvecause the pressure in the con-
nection chamber is always near atmospheric pressure, while the transducer

* The typhoon proof huts at Ylig Bay and Orote Point were ones originally used
for a previous study of the waves in Apra Harbor. See R-ference 1.
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chamber is at the statio water level pressurc. The eleotric oable onters the
chamber through a tapered sleeve where it is seocurely clamped. Waterproofing

of the corneotion sleeve iz aosomplished by wrapping with rubber tape and rubber
oement,

SHORFE RECORDING EQUIPMERT

The onshore equipment units used in the Mark IX Shore Wave Recording System
consists of - {(a) the Power Supply and Eridge Unit, and (b) ths Baterline-Angus
Kooording M lliammeter. The following desoription will be concerned with the for-
mezre.

Power Supply and Bridge Cirouit,

As the name implies, thc unit performs twc funoticns. These funotions are:
(a) the supply of reguleted d-o power to the measuring cirouit, and (b) <che con-
version of the mechanioal position of the potentiometer arm in the underwater in-
strument to & proportional eleotriocal ourrent suffioient to drive the recording
milliaometer. In Figure 61 is shown the complete unit.

Regulnted d-o voltage is derived from 60-oyole a-o input voltage by rassing
it through a full wave rectifier, a ohoke input fillter and a voltage regulator.
The voltage regulator is a series~shunt type, having for its reference a 224-volt
battery. The regulator circuit (Figure 52) funotions im such a way as to main-
tain a given ratio between the output voltage and the reference voitage.

The reference battery operates without load ourrent and oconsequentiy hes a
11fs equal to the shelf life of a batterys A second battery, used as =2 bias in
the grid oirouit of the series tube, also operates at zero loade. These bat-
teriss should he replesed aprrorimataly onse a yvear or whenever the current ad-
justment ocontrol on the front ranel can no longer be set to provide the oorreoct
tridge current.

San Time.: The timer, driven by a self-starting, synochronous motor,
is oonnocﬁs gIrooHy soross the a<s iaput line, hence it is in continuous op-
eration regariiess of the power switoh position. The programming dial ocsm be
seen threugh the window provided in the oase. The proteotive ocase ocover may
be re»oved for adjustment of the progremming ocams., ITwo cams are used in fixing
the duration of the fast and slow speed runs. Bach of these cams (Figure 63)
aave four arms spesed 90° apart to provide six~hour intervals; (other intervals
can be obtained by outting oams with more or less than the four arms mentioned
here). The duration of the faszt run may be fixed to & wimimm of 1E mizutes
by oareful angular positioning of the "on" and "off" cams with raspect to each
ather. They are seourely clamped in place on the shank of the hub provided.

In addition to automatio programming of the chart speed, a menual speed
shift lever is provided whioch extends through a slot in the oover of the timer,
This lever will shift the ohart to the fast speed during sny portion of the
slow speed intorvals for additiomai fast sampling during storm periods. This
lever should not be operated if the next fast-speed run is soheduled in iess
than two hours (minimum of?f time 2 hours).

The dial of the timer may be set for the time of day by rotating it
olockwise until) the ocorrect time is aligned with the red pointer loosted just
below the dial.




the chart movemesnt, the power to the measuring circuit, the shift mechanism
and the warning circuit. When the power switch is olosed, the unit will op-
erate according to the programming selected (8ee"™Programming Switches"),

il.
|
]
4 Power Switch; With the powsr switoh open, the only element in opera-
tion is The Sanramo timer. The res: of the ciroult is inoperative, inoluding
|
!
1

Selector Switchgy The Model III bridge and power suprly unit provides
for two pressure heads installed at different locations, or at the same loocation
with one unit as & stand-by., Either pressure head mey be operated individuslly.
The selector switch is provided to bring one unit or the other into the bridge
oirouit. The two pressure heads (1if two are used) are wired to the bridge oir-
cuit with one conductor common.

Warning Li%t: The purpose of the warning light is to give a visual
indiocation o e taot that the chart roll is nearing depletion, and that the

! Easterline-Angus recorder should bo provided with a new roll.

The Esteriine-Angus recorder has been modified to inolude a switch that

is placed, behind the ohart roll. When the chart roll diameter reaches the
5 warning dimensions, the warning oirocuit is nlosad, One relay oontaot funo-
! tions in parallel with the switoh to prevent contact eroing and in order for
i the warning oirouit to funotion,subsequent to & previous warning, it is ne-
ocessary to interrupt the warning cirouit by pushing the reset button provided
just below the warning light on the front pansl, after the ne¥ roll has baen
placed in the recorder.,

1f desired, an audible warning device, such as a buzzer, may be placed
in the oiroult by comneoting it aoross the light terminsls on the rear ter-
b= mipal Lourde
‘

Bridge Current Controls To 2djust the bridge ocurrent, turn the poten-

& tiometer control knob (ow for inoreasing, oow for decreasing) until the bridge
ourrent is 32 ms. The bridge milliammeter is located just above this po-
tentiometer ocontrol knob on the front panel. The purpose of this adjustmezt is

L to provide the correot surrent in the Bourns Differential Pressure Pctentiometer.

The output voltage tc the bridge oirouit is made sufficient by the above ad-

Justment to compensate for the line drop in tho ocable from the bridge to the

pressure head. The "ourrent adjustment®™ is aotually an adjustmert of the

regulated d-o voltage.

e e e

e s 4 .+ et

Range Switohs Two measuring sensitivities are built into the bridge
cirouit. e range switch may be placed in either of two positions oorres-
ponding to full scale deflsotions of 75 and 15 feet of weter, respectively.

Sensitivity Adjustment; As seez in the oirouit diagram (Figure 52)
rheostats are pleced in serles with the range rosistors. The purpose, looation
and applioation of these rheostats are given below. Hereafter, they will be
kncown as sensitivity adjustments.

The dial skirt knobs to the sensitivity adjustment rhecstats are loocated
withirn the Bridge aind Power Supply oabinet. By varying the resistance in
serios with the range resistors, fine adjustments are made tc oorrect for:

{a) the ohange in sensitivity of the bellowz-potaziizzsier tramsducer, due to
the offect of an entrapped air dcme, and (b) waristioas in the meiufscturer's
spacification of the potentiometer. A sensitivity adjustment graph has besa




L v RIS FOT G PRATHRY

s

12,

prepared and mounted on the inside of the cabinet 1id, giving a dial setting to
be applied for given conditions of depth of installation (air dome correction)
and aotual potentiometer resistance.

The sdvantegs of this adjustment is that regardless of depth and actual
potenticmoler resistance (within the limits of the adjustment) full scale cali-
brations of 6 feet and 10 feet pressure variation can be obtained. There will
be slight wvariations in the correct sensitivity setting qaused by variable tides
and stages. This error is well within the allowable experimental error expec-
ted in anslysis of the subsurfaoce pressure records.

Programning Switchess These switches ars localed within the ocabinet.

S1 is the power programming switch, S2 is the chart drive {:lock) progremming
switch.

(a) Normal Programmings In normal programmine the Sangamo timer ae-
tuates only the magnetic speed shift of the recorder chart drive.
With the Sy switoh in position "N", the cloock chart drive runs con-
tinuously; with the 8; switch in the "N position, power is being
supplied tc the bridge circuit continuously. Switches S; and 83
are shown in Figurs 52. The resulting record consists of a series
of fast speed and slow speed intervals showing the time history of
the wave aotion during both spseds. As mentioned before, the time
durations of these fast chart speed runs and slow chart speed runs
depemd upon the positioning of ths timer cams in the Sangamo timer.

(b) Power Progmini with Continuous Chart Movement; The power is
programmed in that it is being supplied to the measuring cirouit
during the fast speed portion of the record only. The record ob-
tained using the power programming with continuous chart movemernt
18 satisractory for determining weve height and period but does
not onable a determination of storm arriwals,

Tormally, a cotplete and continuous record is desired for
analysis purposes. ‘ormerly, the reason fpr this type of program-
ming was to extend the life of the potentiometers used in the
Mark III type pressure gages. This was acoomplished by shutting
off the power to the potentiometer and allowing the contaoct arm
ta wipe the windings "clean™. The potentiometer used in the Mark
IX is a aore rugged model than the one used in the Mark III, and

this procedure should not be necessary solely for attempting to
extend the life of the potentismetaer, '

The switoching necessary to effesct this type of programming is
as followss S; is in position "P" so that the power will be sup-
plied to the pressure head according to the timer schedule;y 82 is
piaced in position "N" which gives continuous chart movement (when
the main powsr switoh is on).. The resulting record consists of a
series of fast chart speed intervals with the recorded time history
of the wave action. During the slow chart speed porticn, a siraigat
line appears centered on the chart record .

(o) Power Programming with Dizcontimuous Chart Movements This alter-
pative uiEﬁ T

| of progremaing is eassentlally the same as the one
mentioned above, exoept the olock chart drive iz alss programmcd

eV Es QLWL S

The chart is driven only during the fast speed intervsl. The
switching necessary to effect this %ype of programming is as
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fellowas: As befere, the switoh 8; is in pesition "P", switoh S, is

alsc in positisce "P". The record consists of & series of fast

speed runs giving the time history of the wave action during this
period only.

Wit THING SUMMARY OF RECORPD PROGRAMMING METHOLS

“POWER Y 5
ITEM DESCRIPTION SWITCH [ W P R P

(1) ¥Wormal programmirg Oon V4 /

(2) Power programming with
ccntinuous chart movement On / v/

(3) Powsr programming with
discentinuous chart move- On \/ /
ment

Fusees As ncted in the cirouit diagram, one 2-amp. and three 1/l6-amp.
fuses provide overioad prectaction. The 2-amp fuse provides protection to the
input circuit, and the 1/16 fuses, iocated :n each line of the bridge eircuit,
provide protection to the pressurv head itself.

Termiual Board Wiri 55 All externsl conneotions to the bridge and power
supply are made on the maln terminal board on the back siie of the oa'binot. Five
terminals are provided for the pressure head cable with the " -~ " lead common.
The pressure head!s fusite tsrminals are stemped with " +* , " - * and "CT"

dhad wddl ooV cw oodad oomdeeodo— = 23 ».
,‘“?.f'n‘-:' "‘r) s¢ that with solor osdsd conductors, VasTs snould s 1iviels oomfusion

in meking the correst ccnnesotions betwasn the pressure heads azd the bridze unit.

Twn othar sate of Terminals include the plus and minvs recorder terminals
connsotaod to corresponding binding posts on the Esterline-Angus recorder, and

the auxiliary 24 d-c terminals, The latter may be used in either of two sit-
uations.

(a) In case of unavailability or failure of a-c power =ource, the
bridge power may be supplied by dry cell batteries. The only drain
cn the battery supply would be the total Hridsa anrrant (58 ma.),
When batteries are used, the regulator oircuit is inoperative,
sinoe the filaments of the tubes are nct being supplied with power,

(b) It may be desirable tc use additional cavaclty of the power supply
to operate & complimentary instrument (sush as a direstion indi-
sator). Current may be drawn from the power c:mnly through thewe
connestions (100 milliamperes maximum), in addition to ihet re-
quired by the pressure head.

The chart warning, shift, clock and a-¢ camon terminals are connec-
ted to corresponding terminais cn the Esterline~Angus recorder with an a-o
oommon oonnection to one post of each circuit.

The"light“conneotion is provided to operate warning eircuits ax-
tornal to the bridge wnit (1like the arcrenentionod burzer). Whenever the chart

warning light on the front penel is “on", this terminal will be energized with
110 volte n-o.
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B=tarline~Angus RBeaorderg

The instrumeni used to construct a graphie reccrd is the Esterline-BAngus
dirsst owrent milliammeter. The metering elemsnt of this instrument is & per-
ransrt magaet, moving ocoil type. The instrumest is housed in a portable ocase.
The writing pen, which is mounted om knife edges and whioch pivots about bearings,
is supplied by ink fed to the point by capillary aotion. A center zero ocalibra-
tior is rsed, the renge being plue and minus 0,5 milliamperes.

Chert drives for 110 volts, 220 volts, or 440 volts, at any oommercial fre-
guenoy may be furnished as followsgs

(a) Slow and rapid spesd eight-day spring oclock giving all. speeds;
3/4, 1 1%, 3, 6, and 12 inches per hour and inches per minute.

(b) Slow and rapid speed synchroncus motor clock giving all chart
speesds, 3/4, 1%, 3, 6, and 12 inches per hour and inoches per minute.

©  For use in conjunotion with an automatio programming cam, & magaetioc gear
shift can be employed with the synchronous motor clcks. With this devioce, the
shift from hourly speeds to minute speeds and vice versa may be ocontrolled auto-
matioally asvording Yo the programming schedule vsed. In addition to being ao~
tuated by the cam, a manual ccutrol is available for shifting the chart speed.
For the Guam idstallation, "ne unit was programmed to run at fast speed (3 inches
por minute) for twenty minutes every six hours. It ran at 3 inches per hour dur-
ing the.remainder of the time.

Tolmtoring System to Central Recording Station:

=2lemenVer mmwe

Tolomtering of the wuve recorder signal was accomplished by simply oSon-
neoting the telephone lines between the output of the Mark IX tridge at the
shore site und the Esterline-Angus resorder ut the recording stetion. The tele-
phone lines were jumpered eround all switohing uni.s, amplifiers and impedance
matohing devices at the telephons exohanges, and therefore oconsisted of only a
two-conduotor oable, betweun the beach site and the recording station.

.. The_resistance of the telephone linea was used as a part of the toial
Esterline-Augus serisa resistance shich ocontrols the sensitivity of the reoor- -
dsr. A potenticmeter conneoted in series between tae telephons line and the
Beterllm-&ngua recordeyr at the oentral reoording statlom thsrsfsre served as
& sonsitivily sontrcl and wes sdjusted tn ohtain the desired fullscale record-

ing at the recording station.

An sutomatio switohing syatem was inocluded in vhe tolometering system.
In osse o) & failure of either thy telephone linss or tl:o 110-volt power system,
a btttory powsr supply snd a aprm driven Esterline-Angus recorder was switched
into operation in ylace of an olootric power supply and the remote Bsterline-
Angus recorder.

AS qan be (non in the blook diagram of Figure 54, the relay oparated
mtohu were driven by a thyratrop oontrol tube which 1n offeot had twe input
signals. Yhe first was the 110-volt power at the shore station, which suppliec
powar to the d.rmx;t, ud tho segond was & §0-oyole signal tramsmittcd through

M rru = —::grdiii‘ 34-.3&'4-- ta the shore station, whieh sup-

the. iaiephare
Pidad *me to tlp JegTaeeon b, Pallure of either of the siennls
m“‘ e.-.'_-.u the rehy to be de~energised and w Td

swiioh the oircult ts Lhe
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position shown in Figure 654. The 60-cycle signal did not interfere with the
wave rscorder signal in any way. A very slight vibration of the Esterline-

Angus pen could be noted; but this vibration did nzthing mors thar reduos the
paper fristion.

SERVICING

The cczi¢vicing of the oquifmgnt is not ocovered herein, as it has been
presented in a subsequent rsport: 4

Cuam Shore Wave Rescorder Installaticns II
M. A, Hall and R. L. Wiegel

Technlcal Report: Series 35, Issue 354
Institute of Engineering Research
University of Calif., Berkeley, Calif.
July. 1953.
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COAST GUARC CUTTER
PLANETREE

Desired tocot:on ¢t seo mooring

'

'

1

|

'

|

'

1

U
=X

W

Desirzd locaton
of instrument

{7 fathoms]

Ronge flags set on reef to locate site __
: of seo0 mooring

Fig.24 - Schematic diogrom of the escart ship laying the seo
mooring far the diving tug
600 ga! 300 gat
mooring buoy tripod buoy
= — TTr——
%" chain __

50" length of %" wire nine

60" 10 70 depth for lowering tripod

‘Insnumem triped
height 20°
width ot bose 14'
20" o

S00' length of _
" i
%2 choin,
18 Ib./11.

fotol weight 1700 Ibs
weight in water 450 (bs

Fi1g.25 - Schemotic diagrom of the seo maoring ond buayed tripod
le't by the escort ship

o Ay
S

Fig. 26 '_rv_i-oo;m_g_ uncﬁbr; choin ond buo-y
assembled on deck of Coast
Guarg cutter

S

l____. - ———

Fig. 27 - Preparing to drop mooring ot
Ylig Boy; note cnchor suspended
over sige af ship

Fig. 28 - Pressure heod tripod, note
coble clomps olong one leg ond
coble horns neor top of ‘odder

Fig 29 - The YTB (yard tug big) used
for oll work close to reef

e

The ATF {ausmiary tug fleet) useq
as an escort ship
FIGURES 24 - 30
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a— 500" lengthof 1% choin

/600 gol mooring buoy

Instrument fripod ~ - Bow anchor choin affached
buoyed alony se tug to mooring budy
\Aﬁ__ ¥T8 (YARD TuG Bis?

4" Moniia Line -

Moo 'ng wire N
being puiled off reef "
with tug opston *,

. i - BOG - e E: -
r ' N i

~—- Snutch block

GO0 mngth of %" steel

360 length of (¥ chain <7 : .
,% with electeical cable N\, cable 1o pull ehaim ol oo binek ong
Pg ottoched .
800" tength of " steel 300 lengin of :ne‘:!bb":qc:::ce
e Ik foked eiectrical cable .
wre for mooning foked on @ in reef

‘oked on reet

reet ready for pulling g
Rocx deodman

Electricol coble
1o shore o~

Fig. 31 - Schematic diagrom of the diving tug moored in position with
all cabies and choin mode ready on reef

— DETONATOR
v BOX __ . ELECTRICAL
CABLE

~-Float supporting
/ dstarator can bisd

to primer cord

. EXPLGSIVE
(Shapes chorge}

. ANGLE 1HON Py L.
TEMPLATE —

Stindott tube

fil.ed with air : s
by tiver L‘———————/d R e

Fig.34 - Schematic diagram of shaped charges installed on bottom
ready for detonation

Fl_g- 32—' Meor ing E\e bem}; pl—JHed :nto
positicn ot Yhg Ray

F1g 33 ° 4=t o puiiinyg g
being tied to "' diometer
steel mooring line on reef

E; 35 - An_cchmg stond- Fig 36 - Diver taking

off tube to explosive to
shaped charge bottom
r—— — i
f ‘. IETLMNATIR X

i ier

e =1
i t NHSE &
1 L' - TABE SFA
i
i - CTANOCHS tURE
AR CANTY § =~ P wtnar
alter Gang oo
T ARRG A Drven

Fig 37 - Schemotic diogrom of the shaped
chorge and stand-off tube
assembly

FIGURES 3I- 37
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SV
— /4 steel cable

ZT} . Eteciricol coble ( g
supported by l_Cho-n ond coble /J,

95 gol bucys supported by
pulled off reef 300 goi buoys
by hand pulled off reef
with 10g's capstan /
Ve
g : ;
P i .
: / Fig. 39 - Diver in deep sea dress,
= 7
,‘E\ Tripod lowered f¢ bottom, 7 note double lead belt
/i"_-j not yet cemented :n pince !
=\ —
e Vi
t ‘\ O
== 0 T
! 2 _ﬁ\= o =
RV ER\Y |

Fig. 38 - Schematic diogram of technique used to install cable
ot Ylig Bay

.I_ — -—

Fig. 40 - Laying cable thraugh jungle Fig. 41 -

Pulting cable off reef

> —— — —

off reef at Yhg Bay

FIGURES 38 - 42 ’i
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a8,

o BLaL TS
e

A
s

-——Pressure head mounied
on 2-toot trigad ond aplced to coble

*

75 Teet of electrical coble
with ormor removed

Sesk of
concrete beaing
tomwerad

in bucket

3 clamps on
teg of tripod

A Armored cable

Iron spikes

Socks of concrete

Holes blasted by __/

" shape churges

Schemotic diogram of cementing tripod to boitom and
splicing pressure head to cable

2 - foot instrument fripod

bolted to top of
75 fest of alectrical cable

coiled ond tied on horns
at top of ‘ripod

AN daat dcia
el- oot tripee

fipeg

Fig 48 - Schematic diagram af the tnstolled pressure head
and tripod

Fi9. 46 - Lowering socks of
concrete to diver

e _ _]l

Fig 47 - Freparing to sphice pressure
head to cable

FIGURES 43-48
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MARK IX, MODEL OI BRIDGE AND POWER SUPPLY UNIT
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APPENDIX I

ANALYSIS OF OCEAN WAVE RECORDS

The wave recorders are progremmed to run at slow-speed (3 inches
per hoar) for 5 hours and 40 minutes, and at fast-speed (3 inches per minute)
for 2C minutes. When definite and pronounced increases in wave smplitudes
(indicating the arrival of wave trains) are evident on the s low-speed portion
of the record, the time and date of these arrivals are noted by the enelyzer.
Only the fast-speed sections of the chart are analyzed for wave height and
period. A twenty-minute interval is selected for determining characteristic
wave period and maximun and characteristic wave heights. Except in cases of

.
durm N em
=torm arrivale, as previcusly menticred, the records are analyzed et twslvs=

hour intervals. Records are analyzed svery six hours during storm periods or
when the slow speed portion of the record indicates _spidly changing conditions.

To standardize practices used in ths analysis of ocean waves from under-

water ?gsgsure-head records, the following list of definitions has been ac-
cepted .

1. Wave heiEEt is the vertical distance between the crest of a wave and
the preceding trough.

2. Cnaracteristic wave height is the average height of 33-1/3 percent
of' the highest waves.

3. Wave period is the times interval between the appearance at a fixed
point of successive wave orests.

4. Characteristic wave period is the average period for “he wsll-
defined series of highest waves recorded.

5. Wave directionm is the orientation of the line of travel of the
largest well-defined waves.

FROCEDURE FOR ANALYZING WAVE RECORDS

The following steps in the procedure for analyzing wave records have
been developed over a period of several years at the University of California.

Recejpt of the Records

The graphic shart represent: the time history of the surface wave action
and should be the final authority in case of future conjecture as to the validity
of statistical information compiled therefrom. Heance, a system of logging charts
is used for facility of future reference. The log of records containss (a) the
time and date itas run began and ended, (b) the number of the chart (i.e., its
ohronological sequence) and {c) the date the record was received. Following is
a form which has been used for loggirng records.

LOCATION START END REMARXS
RECE1VED ROLL NO. TIME | DATE TIME DAIE

Log for Mark IX Wave Recorder Charts

* Superscript numbers in parentheses refer to References at cnd of main body
of report,

DD p———
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AI-2

Pgeding the Charty

A. Freguency of teking samples

l. The wave records are analyzed during the fast-speed portion of the
vhart a+ approximetely twelve-hour intervals. Recorderz are program-
med to obtain fast-speed racords at 6 A.M., noon, § P.M., and midnight?

2, Manual operation of the chart speed is provided on all records. Ad-
ditional samples may be obtained by the operator during storm periods.
The frequency of these samples and the number of ths records analyzed
is left to the discretion of the operator and analyst.

B. Establishing the point in time of readings

1. The beginning time should always be marked on the chart when a new
roll is placed in operation, and also when it is removed from the re-
corder.

2. 1If possible, time checks slhould be made on the chart during the recording
period together with supplementary remarks conecerning the character
of the surface waves.**

3« A progressive time determination is made mssuming six-hour intervals
between the beginnings of the fast=-speed yuns. The time at any point
on the char* can Le determined by measuring the chart length (or
counting divisions) from the known time®**

4o The time of the reading is defined as the mean time of the interval
chosen for analysis (see C "Selection of Interval™).

C. Selection of interval to be analyzed #ithin the fast-speed portion of the chart

The programming of the fast-speed portion of the wave record would logic-
ally be a direot function of the average period of waves during that portion.
That 1s, the analysis is normally bassd on a given number of waves, and for equal
numbers of waves measured per interval, one would select short and long fast=
speed intervals for waves of shorter and longer periods, respectively. While
this would bs atatistically consistent, it would require the impracticability
of period foreocasting and the inconvenience of variable programming, or the
use of an excessive amount of chart paper. Hence the following plan is used,
besed on the analysis of a fixed time interval.

1, 1If the unit is programmed to run at fast speed for a longer time
than 20 minutes, select the interval toc include 20 minutes of the
fast-speed portion and, if pcssible, select this interval such
that its mid-point will approximately coincide with the mid~point
of the fasgt-spesd run,

*  The S8angemo timer used for programming the frequency of fast runs and their

duration may be used in a mmber of oombinations,.

These periodic remarks should include time of cbservation, direction of waves,
the sbase of the tide, and descriptlve romarks about ths character of the
water isxrface - such as oalm, rough, wiite caps, ete.

*#% Past ohart speed corresponds to 3§ inches per minute, slow chert speed cor-
rssponds $c 3 iaches per hour.

i
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In the event that this interval cannot be taken (due tu the end of
the chart or variation iz cam action of the programmer), select as
great an interval as may be possible, centering the inkerval so
that at least one minute is allowed at the beginning of the interval
in order for the chart ipeed to reach its full spsed (particularly
if the spring wound recorder is used).

A typical wave record hes bsen analyzed and reproduced here to il-
lustrate the analysis procedure . Notice thet the time of the be-
ginning of the sampling interval is 0829 whereas the beginning time
of the fast-speed run is at 0827. An interval of 20 mimutes has
been selected in this fast-speed portion, hence the end of the
sampling interval is 0847,

The time of the interval being ocentered within this 20-minute in-
terval is, thersefore, 0839,

Detsrmination of the characteristic psriod

Having defined the sampling interval, the next step is to select
several groups of waves, within the interval, that conbtain a series
of well-defined waves.

Mousure the length of tim® trom the beginning to the end of each
of the series of well-defined waves and ccunt the number of weavas
dnoluded ini Ehiisizsesilss

- Ve AUV

Divide the sum of the t me-intervals of the groups of waves by the
-~ o~ 2

. - =71
total numbsr cof wavses a &ll sush axuupu.

Thus 7T =
n

[

where t = total time interval between the beginning and end
of all well-defined series of waves,

n total number of waves included in all of the series.

T the charascteristioc wave period.

[

Prom the example, we see that there have been six such groups of

- e oman @ oo -l AL 2w 2k e Y
wowee sglested and +“”* the charactssictic yua;u oL Vnls 1muervad
2 .. O

is found ton be
44 + 87 +193 + 76 + 103 + 114 . 616 _

.
= =

Ty =

E. Determination of the number of significant waves to be measured

1.

Divide the interval by the characteristic wave period to determine
the number of waves within the interwal.

For example:

Interval (in seconds) -
Period (seconds per wave)

N number of waves

* This was not from ons of the Guam recorders.

T 56 FISTETT+ & 7 Lzl
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2. Measure the highest /3 weves (N/3 = 82/8 = 27)%

(a) Scan the record selecting the highest waves observed until N/3
waves are selected.

(b) Measure the height of the waves in divisions and record.

As may be seen in the sample anelysis Data Sheet, the values of the wave heights
havs bssn recordsd, ths rsmaiping part of the analysis being to arrive at the sig-
nificant wave heights from these data.

¥. Determination of significant wave heights

1. Determine the average of the highest N/3 waves as recordsd (in this
case 27 waves). Since the waves are measured in terms of the re-

corder chart divisions, the dggignaticn of this average is R1/3.
- 3
From tha example, Rl/z = 15,9 .

2. Reocrd the maximum wave height encountered R,,,, in this case 19.5
divisions.

Gs BEBvaluation of weve heights from chart-divisions to wave height in feet-of-
water

1. The following equation is used to obtain the surface wave height:
c
-z (1)

where H = wave height at surface in feet.
C = calibration factor of the instrument in
feet of water pressure
chart divisions
K = pressure response factor based upon depth of the in-

strument, depth of the water and length (or periocd)
of wave being recorded

R = reading (in divisjons) taken from chart as shown above.

2+ Sinoce the charaoteristio wave height and the maximum wave experience
are the only two surface wave heignhts required in compiling the sta-
tistical informetion, only the valuss {rom the preceeding datermi-
nation nsed be used as the value of "R" in ths above eguation {1).

* In the example given, the highsst 0 waves have been selected for measure-
ment, and after messurement, the three lowesi of this group have been omit-
ted from the average. Normally the enalyst nesd select only 1/3 of the
waves for measurement.

%

Omitting 12, 12.5, 12.5 (three lowest values of the 30 seleotea for
measurement)




AI-5
Example:
R1/3 c
| H;{s = K
i ‘ 15.9 -
’ HVS & —%725? 0.,0755 = 1.46 feeat

Q788 = 1,70 fss5t

]

r B e n
“max Q.824 “-

3. The value of C, 0.0755, was deteimined by laboratory test.

4. The values of K for various conditions of depth, per%og, etc. may
! , be readily compuitsd or obtained from prepared tables 6).

H. Recording the statistical information

the purpose of analyzing wave data is to finally compile statistics
that give & time history of the characteristics of surfsace waves. This in-
formation may be tabulated on a form as shown below and eventually may be
graphed to a time scale. '
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AI-§
SAMPLE ANALYSIS--DATA SHEET
POINT SUR, CALIFORNIA
ROLL NUMBER 273
DATE May 11, 1950
TIME OF READING 0839
PERIOD 13.6 sec.
N/3 27
WAVE NO. WAVE BBIG T - IN DIVISIONS
1 14
| 2 13.5
i 3 13
i 4 i2.5%
! 5 15
I 6 17.5
| 7 16
i 8 17
i 9 18
10 19.5
11 18
12 14.5
13 18
14 15.5_
15 12.57
16 12*
| 17 17
' 18 16,5
; 19 18 '
20 18.5
21 13
22 13 ‘
§ 23 17
24 17
26 16
26 18.5
‘ 27 i4
! 28 12.5
29 15
30 15
Ryax 19.5
y Ry/3 15.9
H K 0.822
i By/a 1.46 Ft.
= 1/3
; ;- 1.79 Ft.

K, the ratio of the subsurface pressure to the surface wave height, was ds-
terminad for a depth of water of 65 feet and for an average psriod of

* These values were not used (see footnote ** page AI-4)

}
i
i
’ : 14.7 seconds.




I APPENDIX II

WAVE RECORDS FOR GUAM.

One of the major by-products of the study of microseisms and waves at
Guar. was the cbtainirg of wave records to help develop & picture of the "wave
climate™., These records are presentsd herein. They supplemeut those obtained
on a previous contract, which are presented in the repcrt;

Summary rerort on wave measurements at Apra Harbor, Guam, M.I. |
i by A.J. Chinn and E.W. Winkler, Technical Report: Series 26,
Issue 3, IER, University of California, Berkeley, Calif.
August, 1950.

Ocean Wave SummAry

for July 1952

Guam, Marianas Islends

Day ! time Crote Station Day | time Orote Station
i T B1/4 | B/10 Bax T | H /5 Hl/lﬁnmnx
] |
{ 14 2400 10.6 le6 2.3 3.0 26 1200 Less than one foot
15 | 0600 11.4 | 2.6 3.0 | 3.6 26 | 2400 Instrument out |
15 1200 10.2 2.3 2.6 33 27 1200 Less than one foot '
; 15 2400 9,1 201 3.0 4,2 27 2400 8.2 0.6 1.3 | l.4
i . 16 12CC 9.2 2,0 Qi 267 28 1200 Instrument out of ink
16 | 2400 9.3 | 1.9| 2.5 | 3.2 28 | 1800 8.5 | 1.4 | 1.9} 2.4
17 1200 8.5 1.3 1.7 2.2 28 2400 Instrument out
I 17 2400 838 104 109 205 29 1200 808 1.9 204 2.7
29 2400 9.6 2.4 | 2.8 304 |
18 1200 - - - -
i8 2400 8.5 1.0 1.3 1.8 30 1200 8o T 1.4 1.9 e
19 1200 8.4 1.3 1.7 2.4 30 | 2400 9.0 1.8 2.1 2.6
19 2400 8.8 1.2 1.6 2,0 31 1200 8.6 0.8 1.7 202
31 2400 About 1 foot
20 | 1200 10.4 o7 1.1 1,3
20 2400 505 1.3 1e:7 2.2
21 1200 12,1 1.3 1.8 2.1
21 2400 11,0 1.3 1.7 2.0
22 1200 10. 7 1.3 1.6 1.9
22 | 2400 10.3 1.2 1.6 2.0 i
t 23 1200 Less than one foot
; 23 2400 10.4 1.0 l.2 l.4
{ 24 1200 Unuer one foot
| 24 2400 Less than one foot
' 25 1200 Less than one foot
i 25 2400 lass then one foot
1
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R . # T e oy ey e
E‘c'f e * 7 RN

y : s o L : R EHOCIIIAE Tl & s
. L R v ¢ : [ S5t 48 pietly -{1,;; s b, R St N o I e




AII-2
Ocean Wave Summery
for August 1952
Guem, Marianas Islands

—— e e e e

Day| time Orote Statjon | Tarague Station ' Ylig Station
/s IBI 10|Hmax 5 Hlé$ H1/3.0 HEpax T H1/25 Hl/&o Hnax
- 1
1 | 1200 | About 1 foot
1 2400 | Less than 1 foot
2 1200 About 1 foot
E 2 | 2400 Bod| 2.2 | 2.7 | 3.6
! 3 | 1200 5.9 | 2.8 | 3.5 | 5.0
i 3 | 2400 669 | 3.7 | 4.9 | 7.2
§ 4 | 1200 7.0 | 4.4 | 4.9 | 8.2
| 4 | 2%00 7e8 | GeS | Te2 | 8.5
! 5 | 1200 7.9 | 5.8 | 7.6 | 9.9
; 5 | 2400 TeZ | Bed | 5.7 | 843
6 | 0600 8.8 | 4.6 | 5.7 | 646
g e | 1200 8.4 | 4.7 | 5.6 | 8.1
6 | 1800 8.4 | 4.3 | 5.6 | 7.0
i 6 | 2400 7.9 | .9 | 6.2 | 7.6
7 | 1200 9.5 | 6.2 | 6e5 |10.4
! 7 | 2400 [10.) | 6.2 | 7.5 | 9.5
| |
i 8 | 0600 9¢3 | 4.2 | 5.0 | 644
Ut 8 | 1200 8¢5 1 4.5 | B.4 | 8,0
sy 8 | 2400 9.3 | 2.2 | 3.5 | 4.9 :
i 9 12200 | 8,7 | 2.6 | 3.3 | 4.4
f 9 2400 Less than 1 foot |
10 1200 Less than 1 foot 7.0 2.0 estimated
10 | 2400Z | Less than 1 foot 7.0 ; 1.5 "
11 | 12002 = " - 7.0 | 1.5 "
11 | 24002 . . " 7.Q | 1.5 "
! 12 12002 Less than 1 foot TeD 1.5 estimated
g 12 | 24002 " J o 6.0 | 1le0 "
bt ¥ 13 | 12002 ) . " 640 | 1.0 .
i 13 | 24002 " LI 7.0 | 1.5 "
- 14 | 12002 {1104 | 1e4 | 18 | 23 | 7.0 | 2.0| estimated
i 14 | 24002 | 9.3 | 1.4 | 1.7 | 2.9 7.0 | 15 " 7.0 | 2.5| estimated
ot 15 |24002 | 9.2 | 1.8 | 2.3 | 2.7 | 7.0| 2.5 " 7.0 | 2.0 "
;é @l 15 | 24002 less than 1 foot 760 2.0 " 7.0 2,0 L
*§ 16 | 1200Z | less than 1 foot 7.0 | 1.5 estimated 7.0 | 15| eostimated
| is | 24002 " b 7.0 | 1.5 " 7.0 | 1.5 "
s 17 | 1200Z | 8.9 | 1.5 | 1.7 | 2.3 7.0 | 1.5 " 7.0 | 1.5 "
Eat 17 | 24002 | 8.8 | 1.5 | 1.8 | 2.2 Record obtainsd but not 9.8 | 1.6| 2.0 l2.8
xj' analyzed |
3] 12002 | 9.2 | 1.3 1.6 | 1.9 Record obtained but not 862 | le6] 149 |24
B 2400Z |10.8 | 1.3 | 1.8 | 2.9 analyzed 9.2 | le2| 1.6 [2.0
B 12002 [10.4 | 1.6 | 1.9 | 2.3 " 10.4 | 1l.1| 1.2 |1.8
1800Z | 99 | 1¢5 | 2.9 | 2.3 ol Not analyzed -
24002 [10.8 | 1.7 | 2,2 | 2.7 " "

PRI,y e e
e, e'}x% ’Wtw&é\'{”ﬁﬁiﬁf‘ﬁz ;}"‘fi i




g e st O e vl sy . amamna . s S e

ATI-3
Ocean Wave Summery, continued
august 20 - September 3, 1952

Guam, marianas Islands

AUGUoT 1952

lpay t:_-! OrOtﬁ Statﬁon Taragu? Station Ylig Station
T H ' l/ ‘2
V5 |B/10 Boaxy T | Hy/5) B1/10| Bpax| T ‘*’3151/10 Bpax
{ ] B i i i
20 | 0600 11.0 1.9 263 2.7 KRecord obtained but Less than 1 foot
20 1200 1008 200 255 208 not analyzed =) - - —
| 20 | 2400 10.2 l.4 1.7 203 5 About 1 foot
; 21 | 1200 10,0 1.6 2.0 3.0 n 8.1 1.2 1.8 2.6
: 21 [ 2400 | Ore foot or less o 8.4 1.8 2.2 2.6
22 1200 less than 1 foot Waves about 2 to 3 ft. 8.8 1.7 2.3 2.6
22 | 2400 about 1 foot in height with 6-8 8.9 1.6 1.9 262
23 | 1200 less than 1 foot sec perioas, 80 1 17| l1le0 | 208
23 | 2400 less than 1 foot- one foot and less
24 | 1200 | less than 1 foot » one foo’ and le=ss
! 24 (2400 | less than 1 foot " 1l to 2 feet.
: 25 (1200 | less than 1 foot " about 2 feet
25 | 2400 ebout 1 foot " 5.6 3.7 4.7 565
i 26 11200 about 1 foot 5.4 2.2 2.9 3.5 603 2.9 3.7 4,8
26 12400 | about 1 foot 5.6 2.3 4,0 5.3 6.3 3.2 4,1 5.2
’ 27 |1200 | about 1 fcct 6.6 2.3 3.0 3.5 £.2 2.9 3.8 4.1
' 27 | 2400 about 1 foot 5.8 265 2.9 4,3 6.3 3.5 4,9 6.6
, )
t , 28 (1200 | about 1 foot S 2.C 20D S.U 6:7 3.8 4.7 8.8
-"' 28 2400 about 1 foot 6.9 1.7 2.3 3.2 608 3.2 401 1
29 1200 about 1 foot 8.2 1. 1,6 1.8 805 2.0 2.8 366
" 29 | 2400 7ol 1.3 1.6 2,01 8.2 1, 1.6 202 7.7 2.4 2.9 3.2
30 11200 8,1 1.6 2,0 2ed | 5.7 1.8 2.3 3.3 8.2 2.0 2.4 3.0
30 |2400 8.0 1.9 2.0 3.9 5.8 208 3.5 4.9 6.5 3.0 3.7 4.8
31 1200 | 10.6 267 3.3 4,7 6.0 3.2 4.0 5.1 7.6 3.6 4.3 5.0
fog 1 31 |1800 | 10.5 2.3 2.8 3.3 7.1 351 5e2 5.8 7.6 3.4 4.l 565
| 31 (2400 | 10.1 2.2 3.0 4.3 7.3 3e3 3.9 5.4 Te3 4,7 5.9 Te7
g SEPTEMBER 1962
f=41 1 |0600 {10.2 | 2.0 | 204 | 2eT | 7eb | 302 | 3.8 | 4.4 Tod | 441! 5.5 ' 6.
2o 1 {1200 | 10.2 2.9 3oT 5.0 T.7 3ol 3.7 4.6 8.7 3.9 4.8 | 5.5
i 3_ 1 {1800 | 10.0 265 304 | 3.7 Te7 3.0 | 3.8 5.7 8.4 3.4 4.2 4.6
- 2 |0000 | 8.8 2.5 | 3.0 3.8 7.2 3.2 4.1 6.8 8.0 4.0 4.6 Teb
g 2 |0600 8.9 2.3 2.9 3.8 €.8 3.5 4.1 6.2 7.5 3.6 4.4 5.4
?5 2 (1200 9.0 2.4 3.0 3.8 6.7 2.9 3.3 beb 7.7 2.8 366 5e5
A 2 11800 8.2 17 | 261 2.4 || 8.6 2.4 2.9 Sed 8.3 2.6 33 3.9
3 | 0000 8,3 1.9 2.1 2.6 8.4 2.6 3.4 4.0 9.2 2.8 3.8 5.5
3 (06800 8,5 1.6 2.2 2.7 1| 8.6 2.4 2.9 3. 8.8 3.0 3.8 4,9
T 11200 75 2.0 2.4 3.3 ;3 2.2 2.7 Se 9.1 2.7 32 3¢9
3 1600 | 8.2 1.6 242 2.8 Bed Ced | Zo5 401 B8e7T 2.8 3.3 4.4
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AlI-4
Ocear. Wave Summary, cont'd
Sept. 4 ~ 13 1952
Guim, Marianas Islands

:EP!EMBER 1,962 Orcte Staticn Tarague Station Ylig Station

=] n = | -

Day | time T Hi/z | B1/ip| Bpax T |H1/3 |H1/10 |Bpax v | By/3 B /10| By,
-3 o000 7.8 1.7 2.2 2.8 9.4 2.1 2.5 3.l 8.5| 2.4| 3.0 | 4.0
4 0600 8.1 1.3 1.6 2.0 about 2 feet 8.8 2.2| 2.7 | 3.8
4 1200 ebout 1 foot 9.1 1.9 3.2 3.8 9.1) 1.8 2.4 3.2
4 1800 9.3 1.2 1.5 1.9 8.1 1.9 2.2 2.8 8.4 2.0| 2.6 3.9
5] 0000 T 1.8 2.3 3.3 7.5 2.1 2.8 3.1 8.7 1.7| 2.1 2.6
S 0800 7.6 1.3 1.7 2.4 line trouble 7.0} 2.4 3.1 3.8
6 1200 7.3 1.5 1.9 2.6 7.6 2.9 3.0 3.6 7¢7| 2.1| 2.8 | 3.7
S 1800 8.3 1.7 2.1 2.0 6D 2.3 2.8 | 3.4 6.9| 2.2 3.0 4,2
6 0000 8.5 1.6 1.9 2.3 8.5 1.9 2.4 | 3.0 6.5 2.1| 2.9 4,3
6 06C3 6.8 1.7 2.1 2.7 8.3 2.2 2.7 3.2 79| 2.0 2.5 3.2
6 1200 7.2 1.1 2.4 3.2 7.4 2.0 | 2.5 2.8 §.4]| 1.6 2.0 2.8
6 1800 8.3 1.8 2.2 3.0 8.5 2.0 2.3 2.8 6.6 2,1 3.0 4,5
7 0000 8.0 1.9 2.6 3.5 8.6 1.9 2.4 | 3.3 9,3 1.8 2.4 2.7
7 0600 8.0 | 2.3 2.9 4,0 8.1 1.9 2.2 2.8 8.3 | 2.2| 2.9 3.9
7 1200 7.7 2.0 2.4 2.9 9,2 1.9 2.3 2.8 8.7 1.9| 2.4 ! 3.2
7 1800 7.4 | 2.0 2.6 3.5 9.8 1.9 2.4 | 3.1 8.0 2.2| 2.8 | 3.2
8 0000 8.2 2.7 3.2 3eb 9.2 1.7 1.9 2.9 9.0 1.91 2.3 2.7
8 0600 8.1 2.4 3.0 4.1 9.7 1.6 2.0 | 2.3 Instrument trouble
8 1200 7.3 2.8 3.4 5.0 9.5 1.3 1.6 2.4 9.3 1.3| 1.2 1.9
8 1800 Te5 | 30 3.8 4.9 9.6 1.5 1.9 2.2 9¢3 ] 1o6| 2.1 | 3.1
9 0000 8.0 | 3.1 4,1 5.4 9.1 1.7 2.0 ! 2.2 9.4 13 1.7 | 2.4
9 06(” 801 208 3.3 400 Instrumont trouble 85‘3 103 1.6 200
9 1300 8.0 2.3 2.9 3.6 9.6 | 15! 2.0 | 2.7 8.9| 1.6| 1.8 2.2
8 1800 §.2 1.8 242 2.6 1 to 2 feet 8.6 le4} 1.8 | 2.7

10 0000 8.1 1.9 2.5 3.5 6.8 ‘ 1.8 ‘ 2.0 I 2.5 8.9 1.4] 1.7 | 2.1

10 0600 8.0 1.5 2.1 2.5 About 1 foot 1 to 2 feet.

10 1200 8.2 2.0 2.3 2.8 About 1 foot about 1 foot

is 1800 8.6 18 2.1 2.7 1 4%c 2 fast 1 £c 2 fest

11 0000 | 8.0 | 1.3 1.6 1.9 About 2 feet 1 to 2 feet

11 0600 8.3 1.3 1.6 1.9 1l to 2 feet 1l foot cr less

11 1200 Ted 1.2 1.6 2.0 4,9 2.5 3.1 4.7 5.0] 2.8] 3.7 2.0

11 1800 7.7 1.3 1.7] 2.2 5.6 2.4 2.9 3.9 5.4 3.3 4.1 5.5

12 0000 About 1 foot 5.8 2.8 Sed 4,9 65| Jel]| 4.0 | 5.3

12 0600 About 1 foot 6.0 360 | 3D 4.4 BeD| 33| 442 5.6

12 1200 7.0 | 1e6 | 1.9 | 2.5 5.9 1.8 3.8 3.5 67| 25| 3.3 4.3

12 1800 1l to 2 feet. 5.9 2.5 Q/é 4,1 662 | 31| 3.9 | 4.5

13 0000 1l to 2 feet 5.8 7 38 4.9 6.0) 3.0 3.7 5.5

13 0600 1 to 2 feet 506 2.9 506 4.7 6.0 5.1 -.‘:.0 507

13 1200 less than 1 foot 5.9 2.6 3| 4.4 line trouble

1z 1800 less than 1 foot 8.1 ] 2.2 | 2.8 3.5 6.1] 2.5[ 3.§4L74.5

~ v~
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Ocean Wave Summery, cont'd.
Sept. 14 - 23, 1952
Guam, Msrianas Isiands

t SEPTEMBER 1952 Orote 8tation Terague Statiocn Ylig Station
! Day | time T |H/3 | B1A0 |Bpay T | B/3 |B1A0 |Bmax T iﬂl/s" Bl/fq Bm.f_
! 14 0000 About 1 foot 5.8 2.2| 2.7 3.7 6.0 | 2.5| 3.0 | 3.6
14 0800 lLess than 1 foot 6.0| 1.6 242 2.7 6.2 | 20| 2.5 3.6
[ 14 1200 About 1 foot T71 1.6 1.9 2¢4 || . 5.8 21| 2.6 | 3.6
14 1800 lLess than 1 foot 1l to 2 feat 1 to 2 feet
.15 0000 Less than 1 foot 562 22| 2.9 4.1 6.9 | 2.5| 3.1 | 3.7
| 15 0600 less than 1 foot 8.0 1.6| 2.2 2.7 6.2 | 20| 2.5 | 3.6
| 15 1200 Less than 1 foot TeT! .8 1.9 2.4 5.8 | 2.1! 2.6 .6
H 1800 Less than 1 foot 1 to 2 feet 2 to 3 feeot
N !
16 0000 Less than 1 foot i 5.1| 23 2.8 3.6 CeS | 2.8 3e4 | 4.2
| 16 0600 Less than 1 foot 1l to 2 feet 2 to 3 feet
, 186 | 1200 | Less than 1 foot 7.2 | 17! 2.2 3.3 8.4]2.1| 2.8 | 3.4
16 1800 Less than 1 foot 2 to 3 feet 2 to 3 feet ]
17 0000 Less than 1 foou 2 Lo 3 feei 10.7 | 2.6] 3.2 4,0 l
17 0600 Less than 1 foot 10.5 1.8] 2.1 2.5 | 10.0| 2.,4| 3.1 | 3.6 ]
{ i7 1200 Less than 1 foot 10,3 2.2 2.7 3.0 11.1 | 2.7| 3.6 4.5 | l
17 1800 Less than 1 foot 1063 | 2¢2] 2.7 3.0 11e1 | 2.7 346 | 4o% i
18 0000 About 1 foot 12,4 2.1! 2.6 29 || 11.8 | 3.0 3.8 | 5.3 i
18 | 0600 | 11.9 | 0.9 1.2 | 1.5 14.5| 2.8 3.5 4.1 || 13.5| %.7| 4.3 | 5.1 ;
18 1200 Ahout 1 foot 10,81 2.8] 3.B] 4,2 1% 12,3 3.5 4.8 | &.8 i
A 18 1800 | 14.4 | 1.4 1.6 | 1.9 11.9| 2.,9| 3.8 5.4 | 10,8 2,5( 3.3 | 3.8 a8
[ j
{ 19 0000 | 12,9 | 1.2 1.2 1 1.8 1 16,61 3.6 4.4 5.5 | 11.3 | 3.3] 4.3 | 8.0
i1~ 19 0600 | 24.0 | 1.2 1.5 | 1.8 13.0| 25| 2.9 3.3 | 13.5| 2.5| 3.0 | 3.4
{ 19 1200 | 13.3 | 1.1 1.3 | .4 12,3} 2,7] 3.2| 3.7 9.7! 2.0 2.6 | 2.9
i 19 1800 8.7 | 1.6 2.0 | 2.8 || 11,1 2,7| 3.3 4.0 | 10.7| 1.8| 2.2 | 2.7 I
13 H
i 20 0000 | 11.8 | 1l.4 1.7 | 1.9} 10.7! 2.,2| 2.8 3.4 10.4| 1.8| 2.3 | 2.5
20" | 0800 | 10,0 | 1.5 1.8 | 2.0 || 11.6| 2.4| 3.1 4.0 8.7 1.7 2.2 | 3.6
20 1200 8s7 | 1.7 2.1 | 2.8 10,6 2,0| 2.4 3.3 9.9 1 1,31 1.7 | 243
20 1800 | 11.0 | 1.9 2.4 | 3.0 10.4 1.9 2.4 2.9 1 to 2 feet
' 21 0000 | 10.8 | 1.7 2.2 | 2.7 10.5| 2.0 2.5 3.1 1 foot or less
@ 2l 06250 | 11.6 1.8 2.3 | .01 11.0] R2.2 2.7 3.3 9.3 | 1.5| 1.9 | 2.3
1 21l 1200 11.6 2.1 2.6 2.8 1i.3 2.0] 2.3 2.5 9.4 1.2 1.5 | 1.6
el 1800 | 113 | 2.0 2e4 | 246 103 | 2.5| 3.1| Te$ 8.8 1.8 2.0 | 2.8
22 0000 | 10.9 1.6 1.8 | 2,1 9.6 2.7 3.3 4,0 || 10.0| 1.5{ 1.9 2.4 %
22 0600 §.6| 1.8 2.2 | 3.3 Be8| 2.3] 3.1| 4.0 6.2 | 2.4 3.1 | 4.5
22 1200 | 10.0| 1.6 1.9 | 2.1 Se2| 2.1| 2.B| 2.8 6.6 2.2] 2.8 | 3.2 e
22 1800 9.4 .8 2.2 2,8 8.0 2.7| 3.3 4.0 6.3 | 2.T| 3.4 | 5.0 ﬁ??
' i
23 0000 | 10.2 | 1.4 1,7 | 2.1 Bok| Z243| 2.7 4.0 6.2| 2,6| 3,11 4.0 1 E
25 | 0800 | 9.9| 1.4 1.7 | 2.0 6.8| 2.1| 2.5] 3.5] 7.3) 2.0 25| 3.5 P
23 1200 .6 1l.2 1.5 | 2.0 78| 1.9| 2.4 3.4 8.7| 2,0] 2.5 | 3«2 -
23 1800 - - - - = = = - - - - - '
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Oceen Wave Summary, cont'd
Sept. 23 - 7 October 1952

Guem, Marianas Islands

SEPTEMBER 1652 Orote Station Tarague Station Ylig Stetion
Day | time | T ty/5|H1/10 |Hmsx) T | Bi/3|H1/10|Hmax T [H1/5|B1/10| Epax
24 | 00C2 Q.0| 1.2 1e54 1.5 8.6 1.8 2.1 2.6 8.8 1.8] 2.2 | 2.6
24 | 0800 - - - - - - - - - - - -
24 | 1200 About 1 foob 6e8 | 1.8 | 2.2 362 | 10.4] 1e6] 1.9 | 2.4
24 | 1800 1less than 1 foot 1l to 2 feot 1 to 2 feet
26 | 0000 Less than 1 foot 1 to 2 feet 10.5] 1.6! 2.0 | 2.8
26 0600 = = £ | = = - = - = - = =
25 1200 laess t}lm 1 foot 61:4 109 205 207 9.5 1.4 108 2.2
25 | 1800 - - - - . - - - - - - -
286 0000 About 1 foot 6.9 | 243 2.8 3.6 Ted | 22| 2.7 | 3.8
26 | 0600 ] R - |- - - -l -] - |-
26 1200 About 1 foot 605 2ed 2.8 308‘ 7.2 109 205 5.9
26 1800 - - - - - - - - - - - -
27 | 0000 9.8 1.9 2.1 2.5 (| 8«3 | 3.4 4.0{ 6. 8e2 | 2.8] 3.6 4.5
27 | 0600 8.7| 1.3 1.8 2.4 8.5 2.9 3.7 4.1 9.1 2.8| 4.9 | 6.6
27 | 1200 8.5! 1.3 1.7 ZeZ || Beb 2.8 33 4.8 9.3 | 2.5] 3.1 4.1
27 1800 - - - - - - - - - - - -
28 | 0000 9.9 1.8 2.0 2.6|] 8.8 2.9 3.5 4,2 9.0] 3.7| 4.7 | 5.7
28 | 0600 - - - - - - - - - - - -
28 | 1200 { 10.8}| 1.1 | 1.4 1.7 8.3 2.6 3.3 3.9 8.5| 3.4| 4.1 | 5.0
28 | 1800 - - - - - - - - - - - -
29 | 0000 6.6| 2.2 2.7 Se4|| 7.9 1.9 2.4| 2.8 T.9| 2.8] 3.5 | 3.8
29 | 0600 Tel| 32| 3698 4,6 ] 9.0 | 1.7 2.1] 2.4 8.1} 2.8| 3.3 4.8
29 | 1200 T-9! 2.9 3.6 5.0 847 | 1le8 1.9 2.3 8.4 2.4| 3.0 | 4.1
30 | D000 8.0| 3.9 4.9 8.7 || 9.6 1.6 l.8| 2.2 Be7| 22| 2.6 | 4.0
30 | 1200 . 8.3| 4.6 | b.8 7¢6 )| 100 | lo4 1.8 b BeT | 2¢4| 246 | 304
CCTORER 1862

1 | o000 B.0! I.B1 4.8 8,71 2.4l 1.8 2.2 2.7 R.¢! 2.21 2.8 1 3.8

1 | 0800 8e2| 257 | 33 4,2 8.6 1.8 2.1 2.8 BeS| 2.1 2.8 | 3.5

1 | 1200 7.2| 3.0| 3.7 4.8 8.8 ! 2.1 2.7 .85 8.5 2.4 3.1 | 4.2

2 | 0000 8.0| 3.1 | 3.5 Bel il 848 | 245 3.1 4,0 9.2 3.0| 3.8 | 4.7

2 | 1200 9e4] 4.3 | bHed 8.0 9.4 | 2.4 Sel| 3. 8.9 2.7 33 | 4,3

S | 0000 | 10.8! 4.8 | 6.9 7.2 || 13.0 | 3.l 3:.9| 5.2 85| 1.8 2.6 | 3.8

S | 1200 | 12.8] 5.0 | 6.3 7«0l 12,4 | 3.6 4,5 b.l 7.8} 1.8] 2.4 | 3,0

4 10000 | 1258] 5.5| 6.% 7.8 | 12.2 | S.1 3.7| 6.4 8.4 1.7 2.2

4 | 1200 | 12,0| 3.9 4.7 5.8 || 12.6 2.8 3.7 4.8 8.6 1l-4] 2.6

5' 0000 11.9 20‘ 2.9 3.4 11.9 2.8 3.6 5.2 8-8 2.1 207

5 ! 1200 | 11,1} 1.8 2.7 4.1 2 to 3 feet 1l to 2 feet

8 | 0000 | 12.6] 2.4 | 3.1 4.0 9.6 1.7 2.1} 2.8 9.3} 1le6l 2.0

8 | 1200 | 10.9| 2.6 | S.l 3T || 12e4 | 2.4 2.8| 3.2 About 1 foot

7 | 0000 | 10.5] 2,1 ] 2.6 Sel || 13.3 2.4 2.8| 3.6 8.7 1.5' 1.7

7 | 1200 | 12.8] 3.1 4.3 6.9 | 12.4 | 2.2 2.6 2.1 8.9 1.5; 1.9
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AII-7

Ocean Wave Summary
October 8 - 23, 1952
Guam, Marianas Islands

OCTUBER 1952 Orote 8tatica Tarague Staticz Tlig Station
E 7 ] l
Day! Time T |H/3|B/ 20 | Bnax | T |H1/3 |E1/16|Bmax | T |Hy/s|E /o .y

8 | 0000 | 12.4| 2.6] 3.1 3.8 12.3]| 2.2 | 2.7/ 8.6 B8e4! le4| 1.8 | 2.5
8 | 1200 | 11.5f 2.4f 2.9 3.4 12,21 2.5 1 2.9 | 3.0 665! 2451 3.3 | 4.1
9 1l
9 1l

0000 | 12.4| 1.9 2.3 2.7 2 to 3 feet to 2 feet
1200 11.9} 2.2 2.7 3.0 11.8| 2.3} 2.8 3e3 to 2 foet

10 | 0000 10.1| 2.0 2.4| 3.0 Tod| 2.3 | 2.9 4,2 9.2 2.4| 2.9 | 3.4

10 1200 10.5| 2.0 2.5| 2.8 11.0] 2.8 3.1 | 4.2 8e4| 2.4| 2.9 | 3.4

11 | 0000 16.0| 1.8} 2.2 3.2 B.9| 2.3 2.9 3.8 8.8 2.6 3.3 4.1

11 1200 9.8! 1.6 2.0 2.3 8.9 2.3 2.5 7 3.3 6.1 2.7 3.5 | 4.8

12 | 0000 FeT| Tl 18| 2.2 8.5 2.3 | 3.0 | 3.4 Seb | 28] 3¢5 | 5.7

12 1200 About 1 foot 8.0 3.0 | 3.8 1.8 8.4 3.0} 3.8 4,3

13 G000 About 1 foot 6.8] 3.5 4.3 6.9 7.5 3.0] 3.6 4.4
13 1200 About 1 foot 7.0| 4.0} 5.1 7.9 7.6 4.1| 5.0 | 6.1 !
i

14 | 0000 Ahout 1 foot To4| 4.4 | 5.4 7.2 T.7 4.8| 5.3 Te2
14 | 1200 fess than 1 foot Te7] 364 | 4.0 | 4.7 8.1 4,3 5.2 6.5 ]
16 | 0000 | 9.9} lel| 1l.7| 2.0 Tod| 268 | a3 | 43 TS| 36| 4.7 | 662 i
15 | 1200 | 9.8| l.4! 1.9 2.9 8.0 2.9 | 3.5 | 4.6 | 9.8 3.0 3.9 | 5.8 !
d
16 | 0000 Ge31 le%i 1.8, 1.8 Be4d| 2.7| 304 | 4.2 8.3| 3.2| 4.0 { S.1 ﬂ
16 1200 About 1 foo 8.3 2.4 3,0 3.7 8.5 2.6| 3,2 4.3 1
" i7 | 0800 JeT| - del] 18| 163 1068 4.0 SeQ | 5.8 § 10.9! 3.8 2.2 | 6.8 i
17 | 1200 11.8] 1.7} 2.0 2.4 11.%, 3.9 4.6 | 5.3 11.68 4.7| 5.6 Tek ‘!
17 1800 10.1| l.4 1.7 2.4 11. 98| 3.9 4.7 57 12,0 4.0 4.7 5.4 i
18 | 0000 1C. 9| 1.6 1.2 2:3 11,0 3.7 44| 5.4 | 11.9| 4.4| 6.5 | 6.1 4 2

18 | 1200 9.4| 1.5 1.9 2.6 11.5| 4.5 6.5 | 604 (| 11.2 4.3) 5.3 €.9

19 | 0000 9.9 1.7] 2.1 2.7 92| SeT| 404 | 5B || 10.9| 4.9 6.1 | 6.8
19 | 0800. T.8] 1.8] 2.2 248 Te2| 48| 6ol | Bo3 9.5| B.1} 7.0 |.9.1 i

19 | 1200 0.0] 1a7| 2.0 2.4 9.2 Sel | 400 | 5.5 9.8| 4.3 5.1 | 6.9

19 | 1800 93| 21| 2.6 | 3.1 9:3] Se4| 4¢3 | 5.3 || 10.4| 33| 4.0 | 4.9

20 | 0000 | 10.1| 2.1] 2.7 3.2 10.8| 35| 42 | 5,0 || 10e5| Be3| 4.0 | 449
20 | 1200 | 10.2] 2.,7| 3.2; 3.8 97| 2.9 Sod | 445 | 10.3| 3.2{ 4.0 | 4.5
21 | 0000 | 11.3| 3¢2| Se7; 3.9 96| 402 | 449 | ToO f{ 101} 4.6{ 5.7 | To4
21 | 0600 | 10.6] 340 3.7 4.1 9e7| 4¢3 | 5e4 | 640 || 101 | 4.8| 5.7 1 7.7
2 1200 | 10¢8] 3¢l 3.7 4.9 1062| 4.1 | 5.0 | 6.6 ji 10.9] 5.5 7.5 |11l.8
21 | 1800 | 12.7| 8.5{ 4.5 5.3 11.2| 4.8| 5.2 9.

11.56| 5.5/ 6.7 | 8.6

11.9] 5.98| 7.0 | 7.8
12,2 6.9) T.4 [10.0
11,8 | 65.2| B4 | 7.4

3| 8.8] 8.2l 11.1 44| &3
: 405" 5.6 1209 40& 602'

” 22 | 0000 | 11.7 3
8
7] 6.8] 8.1 12.5| 4.6} 5.8
8
2

5
22 | 0600 | 11.7| 3
22 | 1200 | 12.1 4
2
3

RN
® o

.
) (VX7 N -] @
!
-
[ ]
o«

Sed| 7.1 | 9.4
11.5| 4.9| 6.1 | 6.7
9.8 5.1f 6.1 | 8.1
10,4 | 6.2| 7.1 | 9.4

23 | 00% | 11.1 5.5| €31 118 41! 5ol

2s | 0800 | 11.8] 5.2 s.9| 4.8l 11.2] 4.1 5.2
23 | 1200 | 10.8| 2.4| 2.9| 8.7 [ 10.2] 3.5! 4.1

25 | 1800 | 10,3| 2.2| 2.6 S.1ll 9.4/ 3.4! 4.0

[ -
* =

£
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Ocven Wave Summary
October 24 - Novexber 12, 1952
Guam, Marianss Iclands

' OCTOBER 1652 Orote Station Tarague Station Ylig Station E
i g . = i . a
Day| Time | T [Hi/s |Hy/ip Bpax | T |F1/3 Hyfio |Bpex | T | Bk B1A0) By, i
24 | 0000 | 10.1| 2.1 | 244 | 2.7 | 10.0| 3.5 4.6 | 6.7 | 8.7| 5.3 6.6 | 9.2 3
24 | 0600 | 10.6| 2.5 | 3.0 | 4.0 || 10.5| 3.5 4.5| 6.0 || 9.9] 62| 7e6 | 945
24 | 1200 | 10.0; 2.4 | 3.0 | 4.0 9.4| 3.1| 3.T| 5.6 | 8.9| S5.6| 6.7 | 8.1
24 | 1800 | 10.2| 3.0 | 4.0 | 6.1 9¢2| 3.5| 43| 6.5 || 95| 4.6 6.8 | 7.3
25 0000 9.9 3.3 | 4.0 | 5.5 9.2! 3.1] 4.0} 5.1 || 9.2 4.5 6.4 | 7e2
26 | 120C | 10.3| 2.3 | 2.8 | 4.5 9.6| 2.4| 2.7| 3.0 0| 3.1| 3.9 | 4.5
26 | 0000 | 9.8]| 2.8 | 3.4 | 5.3 9.1| 2.6 3.1| 3.7 o3| 3.2] 4.0 | 5.3
26 | 1200 | 9.6| 2.6 | 3.4 | 4.0 9.8 2.6| 3.4 4.3 Instrument trouble ,
27 | 0000 | 9.6| 2.4 | 2.9 | 3.5 GeB| 3.2| 4.0 | 4.8 || 98| 3.1j 3.8 | 5.1
27 | 1200 | 8.4 2.4 | 3.1 | 4.4 9.5| 2.9| 3.8 5.2 || 9.9 3.2| 3.9 | 4.5
28 | . 00CO | 9.7| 2.8 | 3.4 | 4.9 9.6| 3.8 4.9 6.6 || 10.3| 6.0| 6.2 | 7.8
28 | 1200 | 11.5| 2.8 | 3.5 | 4.9 9.9| 4.0 5.1 8,0 || 9.9 6.0f 7.8 | 9.1
29 | 0000 | 10.6| 2.7 | 3.1 | 3.8/ 8.9 4.9 6.1| 8.7 || 9.9| 6.0| 7.2 | 9.6
20 | 1200 | $.9| 3.2 | 4.0 | 4.8 9.6 4.5] 6.6 | 6.7 || 9.4] 6.5/ 7.9 { 9.6
30 | onoc | 9.8f 2.2 ! 2.8 | 3.4 9.5! 4.6 6.4 6.2 l| 9-4| 4.8] 5.7 | 9.3
30 | 1300 | 10.2| 1.8 | 2.2 | 2.7 9.8| 5.3| 6.7 8.8 || 9.7| 6.5| 8.2 | 9.0 :
Si | 6000 1 7.0) 2.2 ] 2.5 | 3.4 92| 3.3| 4.0| 5.2 || 9.1| 5.4} 6.9 | 7.7 I
S1 | 120Q | 7e2| ZeZ | 2.T | 3.2 §o3| CeB| Bel| 48 || 5.5 4,21 5.4 [ 7.8 |
BOVEMBER 1962. .
1 | 0000Z About 1 foot 10.0| 2.0 2.4 2.7 || 10.2| 3.6 4.5 | 6.7
1 | 3200Z | 10.68| 1.9 | 2.2 | 2,4 | 10.7| 2.1 2.6 | 3.1 || 9.9! 2.8] 3.5 | 3.8
2 |'0000%2 | 8.6 1.6 | 2.0 | 2.7 9.6 1.61 2.1| 2.7 | 10.0| 2.3| 2.9 | 3.4
; 2 12002‘ 830 2.0 Ced &eF 1 to 2 fsst 9.5 2¢1] 2.7 | 3.3
'3 [0006 | 10.9| 1.7 | 2.1} 2.8 About 1 foot 9.4| 2.0| 2.6 | 3.3
3 1200 11.5! 1.9 Se4d Sedk About 1 foot 8.3 1.5 1.9 2.7
4 | 0000 | 10.0| Ze% | 2.8 ;| 3.7 To7] 2.5) 2.1} 3.8l 9.1 2.7 3.2 } 3.9
4 | 1200 | 10.9] 2.3 | 2.9 | 3.3 8.5| 2.5 3.1 4.6 || 8.2 3.8 4.8 | 5.8
6 | 0000 | 20.8| 2.6 | 3.6 | 4.8 | 9.5| 2.3| 2.9] 3.4 || 8.0 5.1] 3.8 | 4.6
6 |[1200 | 11.2) 2.6 | 3.0 | 3.8 About 2 feet. 8.6 | 2.5| 3.E | 4.5
6 | 0000 | 12.4] 2.6 | 3.2 | 3.7 8.6| 2.6] 2.9 | 3.8 || 8.0 3.0| 3.2 | 4.6
6 | 1200 | 11,7| 2.2 | 2.7 | 3.2 8.8| 2.5| 3.1 3.8 7.5| 3.7| 4.3 | 8.
7 [0000 | 11.7| 2.1°{ 2.6 | 8.0 BoBl 2.7] 3e4| 4.7 j| 8.0 35.4| 401 | 5.7
8 0000 12.6] 3.1 3.8 Se1 Two distinot trains 6.7 4.6 5.6 7.9
7 & 14 sec. 3-4 ft.
. ) - Max. T It. .
9 loove, |11.8] 2.7 ' 4.6 | 7.3]| 3.1] 4.0| 5.4 || 8.3 4.6l 5.8 | 6.9
30 10000, | 11491 1.9 |, ~+= 1 2.8 || 7.5] 3.1{ ---| 6.6 || €.0| 4.2| ==~ | 5.8
11 [0000 | 10.5| 1.6 ! 2i1°] 2.4 || Avout 2 feet Il 8.21 2.9] 3.6 | 4.5
12 | 00CO _About 1 foot or lsss 1 to 2 fuet ] to 2 feet g
% O 1 ! Il L ) 1 . 1 1
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Ocean Wave Summary
November 16- 29, 1952
Guam, Marianas Islands

ROIEXBER 1962

Orote Staticn Tarsezud Station Ylig Station
Dey | Time T 1B1/5|BA0 | Epax T T [B14 |H)/ 10/Pmax
18 0000 11.4) 1.5 1.7 1.8 9.6 Sel 6.5] BB
17 | 0000 10.4| 2.1} 2:8 2.8 9.2 8.9 3.3 4.1
18 | 0000 About 1 foot Te4d TeT 3.7 4.7
21 0000 Less than 1 foot S.0 10.0| 9.2|10.7
21 0800 . About 1 foot 9.3 10.3 8.9(10.3
2l 1200 About 1 foot Q.8 10.4| 8.2, 9.9
21 1800 1l to 2 feet 8.9 8.4 8.6(10.7
23 | C000 11.7] 1.3 2.0l 2.5 9.1 9.9! 5.8 7.2
25 0000 9.7 l.2 1.8 2.0 8.8 . 9.8 b.1l| 6.4
29 | 0000 11.0| 2.9 S.SI 4.3 19.9 8.9 3.8| 4.5

o i e G P
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(These notes apply for only one channel, and should bs repeated for each
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APPENDIX 1IIX.
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OPERATION PROCEDURE

Q1AM TELEMETERIEG BYSTEM

of the thres.)

1.

2.

o oo R L T SRR [T SR W

e oy 8

galibration of the Telemetering systems

The following requires iwo operators, one et the field site, and one at
the main office.

e)

-b)

°)

[=])
-~

office

8tandby

Switoh resorder to high speed

With:sensitivity switeh in - .- .
HIGH position, adjust the HIGH
calibration knob (lower knob)

8o thet the recorder pen rides
on the outer line of the ochart.

-l bak. 4 'ﬁ
PS5

wre ae L% o o men ol Al wmd doaw
Wil uwvao !uuo.tua.'a.‘u! -

the LOW position, andjust the LOW

Yok )

oalibraticn knob (uppsr knch)
sc that the recorder pen rides
half way:between the middle of

the chart and the edge

Change sensitivity switch to ap=
propriate range.

Switch recorder to slow speed.
Scoure

field site

Set pressure head switoh to (1).

Set operation awitch to NOBRMAL.

_ Adjust Mk IX bridge current to 32

milliamps. ; %

Change pressure ioad switch to (2)
position.

Standby.

Change pressure head switeh to
{1) position.

Seoure

Calibration of the Battory System at the Field Site: (no operator needed
in the offioce.

e)
b)

o)

Connect t-e battery

Caangs the operstion

itz reaordsr starter mechanism. The
If the red light does not light, press the

rssorder should stert.
test button for 3C seoonds.

switch to emergency and remove the clamp from

red light should light and tie

Change the pressurs heed switsh to the (2) position

With the sensitivity switoh in the HI® position, adjust the EI1GH
sensitivity knob insido the Mark IX bridge so that the local rsoorder
pen rides on the outside edge of the chart.
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o) With the sonsitivity switoh in the LOW position, adjust the LOW sen-
sitivity knodb so that the pex rides half way bstween the center of
the chart and the edge.

)
o

Return the operation switch tc NORMAL, disoconneot the battery, and
shut off the ohart drive. Replace the clemp on the recorder starter
mechanium.

g) Return the prsssure head switch to the (1) positien.
3+ Preparation for Emergency Cperation:

‘a) Follow l‘ého instructions a) through e) above in the cslibration of the
" battery system . ' '

b)' Quickly flip the dpsration switoh up to NORMAL, and thenlmck to EMER-
GENCY. The red light should not light.

'"@) Reset the ochart drive and wind the spring motor. Do not replace the
clamp on the starter mechanian.

d) Oho.ok the cirouit by pushing the test bottom for 30 seconds. The red
1ight should 1ight and the chart driwve should start.

e) Repest step b) and o).

£) Check to see that the recorder has a full roll o paper and that the
ink well is full and the pen is started.

4. Disoontinuing Emergency Operation;

a) Reset the chart drive if it is tripped, and repleace the starter mechs ii.. .
aiiam. clemp e

b) Change the bperaticn switoh to NORMAL
o) Disoonnect the battery wires.

4) Calibrate the telemetering symiem,
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